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This  is  a  suoBMiry  of  work  cm  percutaneous  absorption  carried  out  in  otix 
laboratories  during  the  past  five  years.  Reprints  ol  12  oi  our  publications 
ara  included.  In  addition  to  these,  there  are  4  more  pepers  which  will  be 
published  within  the  nasct  year.  The  bibliography  lists  these  publications 
01  our  group  under  nuBd)er8  1«16.  Also,  much  of  this  material  is  presented 
in  pz^vious  progress  reports  (Progress  Reports  1-6)  from  chit  group  to  the  Army 
Chemical  Center. 

Our  initial  al'fcnrta  were  primarily  concerned  with  a  group  of  homologous 
compounds  (nicotinic  acidi  methyl  nicotinete,  ethyl  nicotinate>  butyl  nicotinate^ 
hexyl  nlcotinate,  octyl  nicotinate  and  tetrahydrofurfuryl  nicotinate,  a  related 
compound)  These  agents  were  applied  to  humans  in  vivo.  Both  topical 

applications  and  Intzndemal  Injections  were  on  young  adult,  healthy  volunteers. 

The  biological  activity  (induction  of  erythema)  vas  jound  to  be  in  the  range  of 
10~^  (tainiioBl  effScrtlve  dose)  or  all  these  chemical  agents  when  they  were 
Injected  intradeznally.  However,  vdien  they  were  applied  topically  to  human 
skin,  the  minimum  effective  dose  for  Induction  of  erythema  was  quite  different 
for  the  different  compounds  tested.  For  example,  methyl  nicotinate  was  effective 
In  concentrations  133  times  less  than  that  of  nicotinic  acid.  Wlien  one  compared 
the  ether/water  partition  coefflclenta  of  these  compounds  as  well  as  absolute 
solLbilitles  In  water  and  ether,  it  seamed  evident  that  these  physical  factors 
had  sane  correlation  with  the  ability  of  the  nicotinic  acid  derivatives  to  penetrate 
the  skin. 

Tavle  V,  page  340  of  reference  #1  euanarlzes  this  information  and  suggests 
that  agents  wltii  high  solubility  in  both  ether  and  water  are  likely  to  penetrate 
the  skin  better  than  agents  which  have  a  low  solubility  in  one  of  these  solvcmts 
even  if  it  has  a  high  solubility  in  the  other  solvent. 


In  this  first  series  of  in  vivo  ciqieriments  we  did  not  cover  the  areas 
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ol  topical  application  of  the  nicotinic  acid  and  its  derivatives  after  they  were 
applied  to  the  skin.  We  were  unaware  of  the  volatility  of  some  of  these  agents. 
Hdd  we  covered  the  sites  and  prevented  evaporation,  such  volatile  agents  as 
i thyi  and  methyl  nicotinate  probably  would  have  given  erythema  in  much  lower 
eoncexitrations  than  those  wa  reported. 

The  next  fiJld  of  study  was  that  oi  studying  penetration  of  ethyl 
nicotinave  and  nicotinic  acid  into  human  skin  in  vitro  (2,3,4).  Skin 
removed  during  surgical  procedures  was  used  for  these  studies.  Mostly  leg  end 
breast  skin  was  available.  Six  different  hospitals  in  the  Cleveland  area 
cooperated  with  ua  in  providing  the  fresh  skin.  Penetration  chambers  were 
designed  so  that  akin  ccuild  be  draped  over  one  open  end  and  secured  to  the  sides. 
The  corium  side  was  covered  with  saline.  The  epidermis  was  outside  and  the 
agents  were  applied  to  the  epidermis.  The  epidermis  was  covered  with  alumir.ura 
lOJl  when  ethyl  nicotinate  vas  'ised. 

The  most  surprising  obserwttlon  was  that  ethyl  nicotinate  penetrated 

14 

human  skin  (in  vitro)  37,000  times  as  fast  as  C  nicotinic  acid.  lx  the 
epidermis  was  removed  from  the  corium  and  the  agents  applied  to  the  corium, 
the  penetration  of  both  agents  was  eseontlally  the  same.  Without  the  epidermis, 
the  barrier  to  penetration  of  nicotinic  acid  completely  disappeared.  Tlis 
is  best  shcjwn  in  Table  I  of  reference  #2  on  page  1104. 

If  the  epidertaai  surface  vas  layered  over  with  water  before  eppllcation  of 
ethyl  nicevtinate,  penetration  was  enhanced  about  six  fold  fo.  this  particular 
compound.  Tills  suggested  that  hydration  facilitates  penetration  Oi  the  skin 
by  chemical  agents  (3). 

Simultaneous  with  the  above  work,  we  also  tested  the  in  vitro  penetratiion 
of  a  group  of  phenylboronic  compounds  given  to  us  by  Or.  A.H.  Solway.  The 
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original  intarest  of  Solway  was  to  teat  the  ability  of  different  phenylboronic 
conpounda  to  penetrate  the  '^lood-bxaln  barrier''.  Be  chose  compounds  vith 
different  solubilities  in  viater  and  lipid.  He  concluded  that  agents  with  a 
partition  coefficient  closer  to  one  were  the  agents  which  penetrated  best. 

Using  himan  skin  in  vitro,  we  were  able  to  demonstrate  a  twenty  fold  difference 
in  (lenetratlon  of  hutaan  skin  by  this  group  of  compounds.  The  phenylboronic 
compounds  which  penetrated  best  were  those  with  an  aqueous /benzene  partition 
coefficient  closer  to  one.  Table  1,  page  48  of  reference  #5  summarizes  twis 
information. 

Further  tmrk  was  undertaken  to  determine  if  r^ional  differences  exist 
in  htsaans  with  n^rd  to  penetration  of  various  agents  (6).  We  used  agents  that 
would  Induce  at  visible  biologic  response  when  th^  reached  the  corium.  These 
included  (1)  wheal  reaction  with  histamine,  (2)  vasoconstriction  with  privine 
and  (3)  vasodilation  with  ethyl  nicotlnate. 

The  first  obvious  finding  was  that  concentrated  aolutiors  of  any  of  the>e 
agents  did  not  penetrate  the  palms  or  soles.  There  were  definite  difference 
in  penetration  of  the  skin  of  different  regions.  In  genwral,  the  agents 
penetrated  the  forehead,  mld>cheet  and  mid-back  better  than  the  arras  or  legs. 

There  were  differences  among  the  agents  tested.  Regional  differencaa  up  to 
eleven  lold  were  found  for  one  of  titie  agents  (privine).  These  results  are 
suanarized  in  Tiblaa  XV  and  V,  pages  268-269  of  referance  #6. 

In  vivo  aatiaation  of  affects  of  pnBiydratlon  of  akin  on  panetration  of 
privine  and  etiiyl  n'''ntlnate  was  dona.  The  hydration  wea  mild  but  even  so 
differences  of  6-12  fold  were  aew.  Prrahydxatlon  definitely  Increeaed  penetration 
of  the  agents  (Reference  #6,  pegs  269,  Ikble  VI). 

A  large  number  of  volunteers  (young  adults)  wars  used  to  ssaay  tha 
coaqieretlvt  veaoeooatrACtor  abilities  of  a  ntaiber  of  vaaopreaaor  agents.  It  was 


Ibund  that  vasoconstriction  in  skin  is  correlated  with  certain  chemical 
structures  and  that  many  vasopressor  agents  were  not  vasoconstrictor  agents  in 
human  skin  (7).  The  agents  which  did  give  vasoconstriction  in  human  skin  by 
intradeimal  injection  were  assayed  for  ability  to  Induce  vasoconstriction  by 
bopical  application.  It  was  /ound,  in  general,  that  agents  caprble  of  inducing 
vasoconstriction  intradermally  (0.1  cc)  at  10~^  or  10~'  required  concentrations 
topically  (0.1  cc)  of  l0-20jK  to  induce  constriction  (see  Progress  report  #3). 

Tliis  served  to  emphasize  the  highly  effective  barrier  properties  of  the  epirieimis 
to  this  type  of  compound .  I  the  homy  layer  was  stripped  off  (Scotch  tape 
method)  concentrations  of  10“^  woul'^  give  vasoconstriction.  Thus  the  barrier 
properties  are  contained  somewhere  in  the  homy  layer,  above  the  granular  layer 
of  human  skin. 

A  follow  up  of  the  vasoconstrictor  work  led  us  to  test  the  ability  of  an 
0-methyl  transferase  inhibitor  (pyri>gallol)  to  prolong  the  activity  of  nor¬ 
epinephrine  injected  into  human  skin  (8).  Evidence  was  tound  .or  0-nethyl 
transferase  in  human  skin. 

Another  physiologic  method  to  test  absorption  was  tried.  Antiaetabolites 
(5-fluoruracil,  6-mercaptopurine  and  ami nopterin)  were  applied  topically  to  the 
skin  of  rabbits  to  prevent  hair  growth.  We  wore  able  to  show  that  intradermal 
5-flu(miracil  would  inhibit  liair  growth  bat  that  topical  application  of  this 
agent  would  not  prevent  hair  growth  locally  in  rabbits.  Simple  topical 
application  to  huaan  skin  did  not  show  any  biologic  eflects  but  when  appliec 
under  occlusive  wrap,  biologic  effects  were  observed  (see  reference  #9) 

Tlie  next  major  area  of  interest  was  in  exploring  the  eifect  of  envir(mr.ent 
on  percutaneous  absorption.  It  vms  shown  that  occlusive  wrapping  of  human  kin 
with  Sazan  wrap^  will  cause  intensive  hydretion  of  the  homy  layer  and  an  increase 


4-  Sazan  wrap  -  Dow  Chemical  Company,  Midland,  Michigan 


-  6  - 


surfince  tanpezature  to  37*C.,  the  sane  as  Internal  body  temperature  (10,  11,  12). 

Glucocortlcoeterolda  were  used  because  oi'  their  ability  to  induce  vaso¬ 
constriction  when  applied  tc^ically  or  Injected  intradennally  (10)  Hunan 
volunteers  were  used  for  these  studies.  Various  concentrations  of  a  given 
steroid  were  applied  to  one  foream  and  covered  with  an  occlusive  wrap  for  13 
hours.  To  the  opposite  foreazn  the  sane  concentrations  of  the  same  steroid  were 
applied  and  the  area  covered  with  an  aluninun  guard  which  was  perforated  and 
bridged  over  the  areas  of  application  of  the  steroid.  Tliis  was  also  left  open  and 
in  place  for  16  hours.  When  the  two  ants  were  compared,  the  arm  covered  witii  the 
occlusive  film  invariably  showed  vasoconstriction  at  a  concentration  100  fold 
lower  than  the  arm  with  the  perforated  guard.  This  was  shown  ior  over  19 
different  glucocorticosteroids  tested  in  over  200  subjects  (10,  11).  Thus,  che 
lunid,  hot  invlroment  of  the  occlusive  film  enhanced  penetration  by  a  .actor 
of  100  over  the  atdiient  conditions  (indoor-Winter-Cleveland,  Ohio)  Tliis  same 
series  of  experiments  (11)  also  revealed  that  the  phosphate  salt  of  a  gluco- 
corticosteroid  is  much  less  active  in  human  skin  is  its  parent  alcohol  or  the 
acetate  when  applied  locally.  The  acetate  derivative  was  more  active  than  t!'.e 
parent  alcohol  in  all  oases  (10,  11).  Even  more  striking  was  the  fact  that 
triamcinolone  is  1/10,000  as  active  topically  on  human  s'.cin  as  j  triamcinolone 
acetonide  (Table  I;  reference  11,  page  612).  These  raaarkable  differences  in 
activity  were  surprising  end  raaiin  unexplained. 

Another  observation  of  the  effactiveneea  of  occlusive  films  in  enhancini' 
penetration  was  that  of  inducii^  savara  toxic  reactions  in  a  group  of  subjects 
vdien  0.02  al.  of  20X  naphazolina  beet  mB  applied  to  each  forearm  and  covered 
with  Saran  (12).  The  toxic  affacta  were  noted  in  a  few  hours.  The  same  amount 
of  naphazolina  appliad  topically  without  occlusiva  film  gave  no  toxic  effects 
idiatever  (6). 
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One  oj  our  most  recent  findings  has  been  that  of  th.e  keratin  layer 
i  iiictior-ing  a.-  an  rfiective  reservoir  ibr  topically  applied  chemicals  long 
a. ter  the  chemical  is  applied  to  the  surface  of  the  skin  (13,  14).  Tin’s  was 
i  rst  obsei-ved  w  th  glucocorti costeroids  when  2-4  days  alter  topical  appl  -atlon 
vasoconstriction  can  be  induced  in  the  same  area  by  occluding  tliat  area  witii 
Saran  wrap.  Tlii  effective  reservoir  has  been  shown  to  last  lOr  up  to  17  days 
an<!  for  7  days  o:  the  average  in  over  250  experiments  with  human  volunteers. 

This  re^er.'oir  has  de  initely  been  shewn  to  exist  to  the  homy  layer  (13,  11) 
T'liis,  any  chemical  agent  applied  to  tlie  homy  layer  has  the  potential  and 
probability  of  staying  there  for  long  periods  of  time.  This  is  a  new  concti^t 
in  c  utaneous  pliannaco-physiology  and  one  that  should  have  great  importance  .i 
the  field  of  cutaneous  medicine  as  wall  as  toxicolcgy  and  pharmacology. 

Early  in  1963,  we  purchased  a  cliamber  which  regulates  humidity  and 
temperature  withn  a  wide  range  ana  veriation.  This  has  been  used  to  study  in 
vi^:ro  penetration  of  *  labelled  chemicals  through  human  skin.  Considerable 
work  ha  been  clone  with  acetylsaiicylic  add  (15).  Twenty  fold  increa- 
are  consistently  seen  when  a  temperature  of  40*C  and  liumidity  Oi  88%  is 
cenpared  with  a  temperature  of  10*C.  and  humidity  of  40%  Both  temperature  anc 
hiuw  iii)  luwe  indtpendent  ei  fects  on  percutaneous  absorption. 

Kc  have  ’.orved  with  an  anticholinergic  agent  (AMR  483)  in  some  detail  to 
test  it  a!)ii;iy  to  pemetrate  ’uiman  -I. in.  Tlii-s  agent  will  inhibit  sweatinj.  it 
concentrations  o  '  10  ^  i ntra derma lly  (O.l  cc).  It  will  inliibit  sweating  w!  en 
iippiied  topically  in  0.1  Q,b%  conceutiation  (O.l  cc.  to  3cm.  ).  AHR  48.' 
was  shov.-n  to  penetrate  human  skin  in  vitro  (37*C. ,  hteiidity  88%)  at  a  rate  of 
0.02%  in  24  hour  .  ‘Tr-  ’’^dicates  a  .^low  rate  of  penetration  but  the  agent  la 
e,  ect:  c  in  ucii  low  coitcw.itratians  once  it  reaches  the  sweat  gland  tliat  it 
is  a  potent  p  iarsacologic  agent  by  topical  application  (16). 
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